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DECLARATION OF PRIOR INVENTION IN THE UNITED STATES TO 
OVERCOME CITED PATENT OR PUBLICATION (37 CFR 1.131) 

1. This declaration is to establish completion of the invention in this application in the 
United States, at a date prior to June 28, 2001, which is the filing date of United States 
Patent 6,492,669 to Nakayama. 

2. The persons making this declaration are the inventors. 



FACTS AND DOCUMENTARY EVIDENCE 



3. To establish the date of completion of the invention of this application, the 
following attached documents are submitted as evidence: 

- invention disclosure document 

- copies of laboratory notes of the inventors 



BEST AVAILABLE COPY 
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- statements by the inventors presented herein. 

4. The attached invention disclosure document is a true and correct copy of the 
invention disclosure document completed and signed by each named inventor. 

5. The attached invention disclosure document, dated December 22, 1999 and 
signed by the inventors on December 20, 1999 shows, in section 4 of sheet 2 ("Reduction 
to Practice ,/ ) that the present invention was reduced, to practice between Tune 1999 and 
Tuly 1999 . The above time interval is prior to the June 28, 2001 filing date of U.S. Pat. No. 
6,492, 669 to Nakayama cited by the USPTO Examiner in the Official Action of June 22, 
2004. 

6. Evidence of reduction to practice of the invention by July 1999 is also presented, 
with reference to copies of laboratory notes of the inventors enclosed with the present 
declaration. Those pages are notes from 1999 taken from the inventors' notebooks with 
reference to the invention at issue. Those pages are additional evidence that the 
invention was reduced to practice in June-July 1999, prior to the June 28, 2001 filing date 
of Nakayama. A subset of the enclosed pages (i.e. pages 1-22) will be commented in 
detail below. 

7. The inventors submit that all claims 1-32 as filed, and thus currently pending process 
claims 1-16, are directed to inventions that were reduced to practice by July 1999, prior 
to the June 28, 2001 filing date of Nakayama. 

8. A list of currently pending process claims 1-16 is presented in the response to the 
Action of June 22, 2004 accompanying the present declaration. 

9. We submit that a process in accordance with the recitation of claim 1 was reduced to 
practice by July 1999. With reference to the enclosed notebook papers, the following 
should be noted: 



USSN: 10/600,521 
Group No. 2815 
Examiner: Brock II, Paul E 
Page 10 

a) Claim 1 recites a process for fabricating ohmic contacts in a field-effect 
transistor. Pages 1-5 of the enclosed laboratory notes show an "Ohmic P/R 
Process" and a "Wafer ID." Pages 6 and 7 of the enclosed laboratory notes recite 
(top right) a "GaN process," Pages 1-5 of the enclosed laboratory notes refer to 
processes performed starting on May 10, 1999, June 21, 1999, June 25, 1999, July 8, 
1999 and July 13, 1999, respectively. Pages 6 and 7 of the enclosed laboratory 
notes refer to processes performed between January and February 1999, as also 
indicated on page 8 of the enclosed laboratory notes . 

b) Claim 1 further recites that the process includes a step of thinning the first 
semiconductor layer forminjg recessed portions in the semiconductor layer. Pages 
9-11 and 13 of the enclosed laboratory notes show an "ohmic recess etch" steps 
performed on different lots. Note that page 9 of the enclosed laboratory notes 
recites "ohmic etch 5-14-1999" page 10 of the enclosed laboratory notes recites 
"ohmic recessed 6-22-99", page 11 of the enclosed laboratory notes recites "ohmic 
etch 6-30-99", page 12 of the enclosed laboratory notes recites "ohmic etch 7-12- 
99" . Page 14 of the enclosed laboratory notes shows a step # 10 "Ohmic Recess 
Etch." The same step is also partially shown in Page 8of the enclosed laboratory 
notes. The processes performed at pages 6, 14 and 7, 8 of the enclosed laboratory 
notes have January-February 1999 dates. , 

Page 15 of the enclosed laboratory notes shows additional experimental data 
about the etching step. Page 16 of the enclosed laboratory notes shows a diagram 
relating to etching and data about etching conditions. Page 17 of the enclosed 
laboratory notes shows comparative diagrams between etching and no etching. 
Page 18 of the enclosed laboratory notes shows diagrams related to different 
etching depths. 

c) Claim 1 further recites depositing ohmic contacts over the recessed portions. 
Pages 9-11 and 13 of the enclosed laboratory notes show an "Ohmic metal" step, 
also specified in page 13 of the enclosed laboratory notes as "Ohmic metal evap." 
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Page 14 (step # 12) of the enclosed laboratory notes shows an "Ohmic 
Metallization" step. Pages 9-11 and 13 of the enclosed laboratory notes also show 
June-July 1999 dates. Page 14 of the enclosed laboratory notes shows January- 
February 1999 dates. 

d) Claim 1 further recites heating the deposited ohmic contacts, whereby, after 
the heating step, the ohmic contacts communicate with the electron gas. Pages 9- 
11 and 13 of the enclosed laboratory notes show an "RTA Anneal" step. See also 
the handwritten notes at page 12 of the enclosed laboratory notes and the last 
handwritten note at page 13 ("Anneal") of the enclosed laboratory notes . 

10. We also submit that a process in accordance with the recitation of claim 2-16 was 
reduced to practice by July 1999. For example: 

a) With reference to claim 2, some of the enclosed pages make reference to GaN 
semiconductors. See, for example, the top portion of pages 6, 14, 7 and 8 of the 
enclosed laboratory notes . 

b) With reference to claims 3 and 15, some of the enclosed pages make reference 
to Ti-Al-Ni Axi ohmic contacts. See, for example, pages 9-13 of the enclosed 
laboratory notes . 

c) With reference to claim 5, most of the. enclosed pages make reference to a 
reactive ion etching (RIE) process. See, for example/pages 9-13 of the enclosed 
laboratory notes . 

d) With reference to claim 6, most of the enclosed pages make reference to a 
process employing chlorine (Cl 2 ). See, for example, pages 9-13 of the enclosed 
laboratory notes . 
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e) With reference to claim 7, page 16 of the enclosed laboratory notes represents a 
diagram with a linear etching function. 

f) With reference to claim 11, pages 9-11 and 13 of the enclosed laboratory notes 
make reference to a heating step performed at 875 ° C. 

g) With reference to claim 13, pages 9-11 arid 13 of the enclosed laboratory notes 
make reference to a thinning step performed up to 200 Angstrom. 

11. Additional evidence is also shown by the photographs at pages 19-22 of the enclosed 
laboratory notes. Those photographs are additional evidence not only that a process 
was performed, but also that a device was built. 

12. Additional pages from the inventor's notebooks, not expressly highlighted in the 
comments above are submitted with the present response. Although these pages have 
not been commented in detail, they are deemed to be relevant, as additional evidence 
showing that the invention as claimed in claims 1-16 was reduced to practice. 

13. We submit that Nakayama does not claim the same patentable invention of the 
present application. 

14. This declaration is submitted prior to final rejection. 
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15. As one of the inventors signing below; 

I hereby declare that all statements made herein of my own knpwledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that wilful false 
statements and the like are so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 



SIGNATURES 



Inventors: 



Full name of first inventor: , Nguyen Xuan Nguyen 
Inventor's Signature: 




Date 




Full name of second inventor: Paul Hashimoto 



Inventor's Signature: 



Date 



Full name of third inventor: Chanh Nguyen 



Inventor's Signature: 



Date 



HR 



L LflBORATORIES-LLC 



ID:3lO-317-5300 



NOU 19'04 



13:38 No. 003 P. 04 
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IS. Aa one of the inventors 6igiung below: , 

I hereby declare that all statements made herein of my own knowledge axe true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like are so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title .18 of the United States Code, and that ©uch willful false 
statement* may jeopardize the validity of the application or any patent issued thereon. 



SIGNATURES 



Inventorsi 



Full name Of ttret Inventor: Nguyen Xuan N guyen 



Inventor's Signature: 



.Date 



Pull name Of second invento r Paul Hashimoto 



Inventors Signatuie: . jj^i^ate 



Full name pf third inventor: ffianhN!ytfy< 



Inventor's Signature: 



.Date 



HRL LGBORflTORIES-LLC ID : 310-317-5300 



NOV 19'04 13:37 No .003 P. 02 
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Group Art No.: 2815 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



DECLARATION OF UNAVAILABILITY OF INVENTOR 



1 . My name is Mel Kyle 

2. 1 work for HRL Laboratories, LLC ("HRL") as a paralegal. 

i - 

3. HRL is the assignee of U.S. Pat. App- 10/600,521 filed on June 19, 2003 and 
directed to "A process for fabricating ultra-low contact resistances in GaN-based 
devices/' 

4. Mr. Chanh Nguyen, one of the inventors of the above application, is no longer 
an employee of HRL. 

5. With reference to the Declaration of Prior Invention under 37 CFR 1.131 to be 
filed for the above application, I have tried to locate Mr. Chanh Nguyen. 
According to the last information HRL had on him, Mr. Chanh Nguyen was 
living at the address listed in the declaration he signed with reference to the 
present application and was working at GCS located at 23155 Kashiwa Court, 
Torrance, CA 90505, 



HRL LABORATORIES-LLC 



ID:310-317-5300 



NOV 19 '04 



13:37 No .003 P. 03 



6. I tried contacting Mr. Chanh Nguyen regarding the above application and 
called him at GCS ((310) 530-7274) and learned that he is no longer with GCS. 

7. Other people at HRL made phone calls trying to locate Mr. Chanh Nguyen. 1 
have been informed ; by those people that apparently Mr. Chanh Nguyen is 
currently in Paris, France taking some time off before he. begins a new job, and 
cannot be reached, 

8. Therefore, Mr. Chanh Nguyen is currently unavailable. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful 
false statements and the like are so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, 
and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Full name: Mel Kyle 
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PROPRIETARY 

gjyftfi Make Al foil for edge bead flood expose. ' ^ rL /UL 
r- ifrtffk ACE rinse 30 sec., IPA rinse 30 sec., Dl rinse 60 sec., blow dry. 
H * (f^t Drying bake - 100C, 1 min., vac hot plate. 
-t° p 1 ^ Spin on AZ 5214EIR, 3500 rpm, 30 sec. (-1.4 um) 
' - u> ' f S Dehydration bake - 100C, 1 min., vac hot plate. (c& aC 3^ 
W p^- Edge bead removal - flood expose edge for^dfec @ 20mW/sq.cra., t ^ ^ ' 




H\1 



develop 30 sec. in 1:5=351:DI, DI rinse 1 min., blow dry, F *pc 
examine for edge bead removal 

Insert the 365nm band pass filter into the only open slot inside the optics train in front 

of the lamp housing. On KSA #1 aligner's power supply, switch to Channel 1. 

Calibrate the intensity in mW/sq.cm. using the handheld.OAI meter with the 365nm ?fe 

sensor. The in-control is set at 5.0 mW/sa.cm. *25 ' . 5£> ? 7 1 ' «w^Ar»«4>«f/t^ i 

Note: after usage, remove filter, switch back to Channel 2 and check in-control "~ ) 
intensity is at 20.0 mW/sq.cm. 




- Image align & expose: ensure proper contact rainbow fringes on sample. 
Record contact setting. 



Use soft contact, align with Power 1 Ohmic mask. Use Channel 1 set up previously. Y 
Expose foresee (8«CmJ/sq.dm.) typical fqr clear sample. ?5mj -75^ 3 
Record expose tim e sf^F -K>~.J~ 1% <f* -?~<C< e+nu^u ^ Js ^ 

"""^ ______ ^ * / 

\ ^ ^ Post Expose Bake (PEB): on vac hot plate, 100C, 1 min. 10 sec. typical. 
Hood expose: on KSA aligner, 1 min. at 20 mW/sq.cm. 

'ft ^ Develop in 1:5=351:DI for 20 sec. typical DI rinse 2 min., blow dry. 

* Record develop time 

Inspect under microscope for rainbow P/R residue inside patterns, take photos. 

If needed, additional 5 sec develop, DI rinse 2 min. and blow dry. 

Record additional develop time " 

7 Take optical microscope photos of CD pattern at different locations. Take SEM 

photos for straight sidewall profile and 2.0 um S/D spacings at same location areas. 

LF5 02 plasma clean: 100W, 2 min., 200mT. (?(Aa °l &i 





Ohmic P/R process Version 1 continue 
# §lS^Objnic recess etch: use 02RIE at UCSB. Target -200A based on test samples at 
400 A/min rate, 

^ Just imw to sample Ic^g for ohinicme^^ 
DI rinse 1 min., blow dry. 

C-! < u*f* Ohmic metal: use Bay 1 evaporator to deposit Ti-Al-Ni-Au 200-2000-400-500A. 
C-| q >l~ Lify off: ACE soak 15 min. Ultrasonic ACE 1 min. ACE spray 15 sec., clean in ACE 



30 sec.. IPA clean 30 sec, DI rinse 60 sec., blow dry. Examine for metal residue. 



- RTA Anneal at 875C 30 sec 
• Check I-V for 2um S/D spacing on curve tracer 



£.\,\_v/\A<. 




,;*>l^ - Drying bake - 100C, 1 nun, vac hot date 
^ ^ Edge bead removal - flood exnose \2 



ssftrsssisr "** badc, ° a — 




t2 -^LF5 02 plasma clean: 100W, 2 min., 200mT. cm^ 6* *u y 6, 3 5> /„ ^ 



Ohmic P/R process Version 1 continue 

/u^^Ohir^ recess etch: use 02 RJ£ at UCSB. Target -200A based on test samples at 
yl 400A/rin rate. 

- Just prior to sample loading for ohmic metal: 15: 1 DI diluted NH40H for 30 sec dip, 
' vf/ft DI rinse 1 min., blow dry. 

Ohmic metahuse-Bay ^"evaporator to deposit Ti-Al-Ni-Au 200-2000-100-500A 
. , '* '<• > '"" Lrf ^ ******** 

tj t i ^ Uff off: ACE soak 15 min. Ultrasonic ACE 1 min. ACE spray 15 sec, clean in ACE 
'30 sec, 1PA clean 30 sec, DI rinse 60 sec, blow dry. Examine for metal residue. 

(^v* rA * 875C 30 sec * 

- Cj^jp *° r 2nm S/D spacing on curve tracer. 



6^ 



« /. 



3^ - (vaca^ "Zj^ U<fUtA <S-T> p^w* 



•4" 



frM** p<w»t*^ <*>' ecru!, -xs' 




O V^WM. c /AX 62 



r 



. . 7--.^^—— ■> ^ ^ , 

Ohmic P/R Process (using 365nm filter on Ch 1) ' Dat e 6-2^-^ L °' 1 
■/ Wafer ID: 6»cf0 > &>£ . L T i ~z \ 

/ Danny Wong Version' 1 April 12, 1999/ HRL PROPRIETARY \ ) 

f- Make Al foil for edge bead flood expose. , / 7 ^£ c. 

t tf> <*k. ACE rinse 30 sec., IPA rinse 30 sec., DI rinse 60 sec, blow dry. 

ufrt <- Drying bake - 100C, 1 min., vac hot plate. 

C- v Spin on AZ 5214EIR, 3500 rpm, 30 sec. (-1.4 urn) 

Hitf/i* Dehydration bake -100C, 1 min., vac hot plate. f«r £\-c*r * 1 ^ r 

;-7 V f L Edge bead removal - flood expose edge for &sec @ 20mW/sa cm &> r c l€a<r 5" S<c -ft r O^a uc 
develop 30 sec. in 1:5=351:DL DI rinse 1 min., blow dry, " 
examine for edge bead removal. ' , 

^ the 365nm band pass filter into the only open slot inside the optics train in front 

of the lamp housing. On KSA #1 aligner's power supply, switch to Channel 1 <&P> 1 
Calibrate! the intensity in mW/sq.cm. using the handheld OAI meter with the 365nm , 

sensor. The m-control is set at 5.0 mW/sq.cm. £W^** 

Note: after usage, remove filter, switch back to Channel 2 and check in-control ^ 



intensity is at 20.0 mW/sq.cm. 

Image align & expose: ensure proper contact rainbow Singes on sample 
Record contact setting 



Use soft contact, align with Power 1 Ohmic mask. Use Channel 1 set up previously 
Expose for l£sec ( S0-mJ/sq.cm.) typical for clear sample. /V«T* Jj£ r 0 pique. . 

Record expose time fe^ 

• Post Expose Bake (PEB): on vac hot plate, 100C, 1 min. 10 sec. tvpicni. cl Cur , STc,cc 

Flood expose: on KSA aligner, 1 min. at 20 mW/sq.cxn. " °p*^ ^ 

f" P ev dopin 1:5=351:DI for 3Tsec typical. DI rinse 2 min., blow drv 

1 Record develop time^ 

i Aspect unde^r microscope for rainbow P/R residue inside patterns, take photos. 
I a needed, additional 5 sec develop, DI rinse 2 min. and blow dry. 
Record additional develop H m^ 

i Take optical microscope photos of CD pattern at different locations. Take SEM 
photos for straight sidewall profile and 2*um S/D spacing* at same location areas 

W $ ^ LFS 02 plasma clean: 100W. 1 min mimT fii ttfc 




/ c 



Ohmic P/R process Version 1 continue 

I ( > 

left* Ohrrnc recess etch: use 02 RIE at UCSB. Target -200 A based on lest samples at 

400A/rin rate. 

H 

- Just prior to sample loading for ohmic metal: 15:1 DI diluted NH40H for 30 s<vc dip, 
DI rinse 1 min., blow dry. 

— | pc|0 Ohmic metal: use Bay ^-evaporator to deposit Ti-Al-Ni-Au 200-2000-400-500A. 

( ^ Uff off: ACE soak 15 min. Ultrasonic ACE 1 min. ACE spray 15 sec, clean in ACE 
30 sec, IPA clean 30 sec, DI qnse 60 sec, blow dry. Examine for metal residue. 
Take photos. 

t-^fiTA Anneal at 875C, 30 sec. 

- Check I-V for 2um S/D spacing on curve tracer. 

^r^ r tso'e 




V 



Ohmic P/R Process (using- 365nm OJter 



irpa£kl 



Date 



^ut| 

PROPRIETARY 



1/f f C ACE rinse 30 sec.. IPA rinse 30 see., DI rinse 60 sec., blow dry. 

f< P i- Drying bake - 1O0C, 1 min., vac hot plate. 

1L & Spin on AZ J214HR, 3500 tpm. 30 sec (-1.4 nm) 

iff- Dehydration bake - 100C 1 min., vac hot plate, ft, c ««r «fv, "K^ i „,„ A, e rf£ 

examine for edge bead removal. ^ 



Lot 

* — — . . 

(5^ r'Urt 



f I S r Insert the 365nm band nass fflr^r ,w« a- i 

of the lamp ho^inTon^A £ * ° PCa Sl0t me °P*<* train in front 
Calibrate *e Sty m mW/fa to O-nnd 1. 

sensor. The 0AI "T^ * e 



SS^ ^ b2Ck 10 ^ 2 - ^ -ontrol 

on sample. 

Use soft contact, align with Power 1 Ohmic mask. Use Ch^H 



Ur if 



LF5 02 plasma clean: I00W, 2 min., 200mT. £ur> l ^ 3 




; 3 p«3< * 



7/ 



1 



"2>c V (a. v*/<4 Zt ^- f/WW UC^(J £i P 1 ^ 



I 




^'V^Alftrilfteedgebead flood expose. . 

I SeC M ffA rincA -3A ^_ . 



— 30 SK " ffA *- » sec., fa. rinse 60 sec., blow *- 



/ 




■"-^ Drying bake -100C. In*,., vac hot platc. 
7 '°' V Spi,0,,AZ ^^SJOOTnt.aOsec.f-Uu.n, 



/ 



?/ l7 > ,A Dehydration bake - lonr i — / w frt 

• 100Q 1 nun. vac hotplate. , i ^ 

7-0 "J Edge bead removal -fi,w 10 / 

^veio P 30sec.in l««^£?^*f»W^ A r <T*. <W 

examine for edge bead removal. ^ 1 ^ blow dry, J ' 1 

^etopho^ O.^S^^^ ? e optics 
calibrate the intensity in mWAn ^ZT- ?7 switch to Channel I 

s««or. Tie ^Sfe t^fe^ 



Note: after usage, remove filter, 
intensity is at 20.0 mW/sq., 



sWkch back to Channel 2 and check in-control 



' Proper contact rainbow fringes on sampJe> 



^ 5T 



- Image align & expose: 
C Record contact setting 

Record additional develop doT* 2 ■"»>• end blow dry. P 

Take ototicnl . 



Take • • ' " ' I ■ • ' - S 

P^^KST^S 0 ^^^ l-ations. Take SEM ' T^t^* 

^ ^ 5 °2 Plasma clean: 100W. 2min ^ : ^ ^'^P 



9 Xjiumc P/R process Version 1 continue 

; " SSSESST*- 02 " * UCSB -^«- 2 <»A teed on « sample, at 

,i ,^/Ohmie me«U: use Bay+evapora.0, » deposi, Ti-Al-Ni-Au 200.2000-400-500A. 

SS^SfJ *■ W «5 sec., clean in ACE 
Take ph 0t0s . ™2C£jP^t^- Exan,iM for — ««*» 

, a -< n^^UlJ] r^c^^g „„«h^ " 

'W^^ A *»?«|«««"C > 30sec. 

/* (J/J? I ; V ,^ 2um 3/0 s P» n S °» curve oacer. 

f ' 2- r - 7 ' • 



Tr j a/ 



3 


: c 1 


i) 


HE] 






AJ." 


! Ail" 1 




7/2^ ^ t #Wf 'rrr'^wt.^ , 



I' 



I Blanket Expose Al Foil Pattern 



Solvent Clean 



I P/R Coat 



Edge Bead Removal 



Ohmic Mask Align & Expose 
1 (Contact) 




3 



L. 

7 



Trace wafer outline with dots on Al foil using exacto 
knife, then retrace outline -2mm undersize all 
around. Cut and trim undersized outline with 
scissors. If needed, flatten trimmed Al foil pattern 
between two glass plates. Try pattern on wafer for 
exposed edge fit, trim if needed. Put Al foil on round 
wafer earner so that it sticks to the underside of the 
carrier cap for use. Put Sapphire with epi side face 
down on carrier. 

Measure Sapphire thickness on dial gauge 
urn 



ACE 30 sec., IPA 30 sec, DI rinse 60 sec. 
[ N, blow dry. 



I Pre-bake on vacuum hot plate, 100C, 1 min. 
Spin AZ 5214EIR @ 3500RPM, 30 sec. (-1.4um) 
Soft bake on vacuum hot plate, 100C, 1 min. 

/J Put trimmed Al foil over wafer with edge exposed 
u Flood expose edges for 20 sec @ 20m W/sqxm. on 
KSA aligner using soft contact 

Develop for 30 sec. In 1:5=AZ351:DI ' i H ^ 
DI rinse 1 min., N 2 blow dry. 



Power 1 Ohmic Mask 

^1 J USC S ° ft Conlacl modc on KSA Aligner # t 
H |M Put dark electrical tape on wafer chuck, put Sapphire 
1 | I sample on top of tape. Orient it so that S-D channel 
will be parallel to straight edge of sample. 
Adjust separation dial for proper contact rainbow 
fringes on sample. 

Adjust sample so that e-beam gate markers are near 
sample corners with 2-3 pattern reticles included. 
Expose 2.9 sec. typ.for clear sample 

2.7 sec typ. For dull sample (20mW/sq.cm.) 
Sample # Exposure time 



. Post Expose Bake (PEB): 
I pM On vac hot plate, 100C, 1 min. 
Flood Expose: 

On KSA alipher. 1 min. @ 20mW/s o.PTi 

|AZ351:H,0:=l:Sfori5sec. 
1 min. DI rinse, N 2 blow dry. 



DO NOT DISCLOSE 
Effective Jan. 12. 1999 



LOT* 



Wafer ID: 



Process 



Nnad »chr% W( 



GaN Process OS 




^ 




1 OHMIC continue 












|~ 8 


(inspect ^^^f 




r 




j Optical microscope: 

I Inspect for proper pattern expose & develop. 
Rough measure of 2um S-D CD using measure 
reticle. 
Take photos. 

Take photos of patterns and P/R sidewall profiles. 
Accurate measure 2um S-D CD. 




9 


0 2 Plasma Clean t 

c 








^LF5 100W, 200mT,2min. 
Run# 




10 


Ohmic Recess Etch I 








At UCSB using CI, RIE 
Target - 200A based on test samples 
Record: recess etch A 
CLj RIE conditions: 



11 



12 



Pre-Metal Clean 



I Ohmic Metallization 



Just prior to loading 
NH 4 OH:H,O=l:15,30sec. 
1 min. DI rinse, N, blow dry. 

Use Bay 1 evaporator 
[Ti-Al-Ni-Au 
200 -2000- 400 -500A 



13 



^ { J 



I Lift-Off 
JUL- \t^^y /UfUc**"W 

1 



3 



VCE soak 15 min. * 
I Ultrasonic ACE 1 min. 

ACE spray 15 sec, clean in ACE 30 sec., IPA 30 

sec., DI 60 sec., N2 bow dry . Examine for P/R 

residues. If needed, use 

Automated lift off bath with PRS-1000 

@ 100C, 60 min. 

120 min. max. w/ 10 min. additional increments 
Record time 



DI water spray 15 sec. 

DI rinse 2 min., N 2 blow dry. 



14 



15 



16 



I Inspect 



Optical microscope to inspect for P/R residues 

Take photos. 

Comment* 

RTA anneal @ 875C, 30 sec. 



9 



RAYTHEON PROPRIETARY 
GaN Engr OS Version 1.0 




On curve tracer, check I-V for 2um spacing, 
j Take photos. 



DO NOT DISCLOSE 
Effective Jan. 12,1999 



OHMIC 



Blanket Expose Al Foil Pattern 



Solvent Clean 
P/R Coat 

Edge Bead Removal 



irace wafer outline with dots on Al foil using exac* 
knife, then retrace outline -2mm undersize aS 
around. Cut and trim undersized oudine with 
scissors. If needed, flatten trimmed Al foil pattern 

etS 7 f P,atCS - Try P a,tem °» *^or 
Seal*' \ tnm if needeA Put A1 foii °» ™>d 
cant r ? S ° *" ' " Sdcks 10 * e und ^de of the 



Measure Sapphire thickness on dial gauge 
urn 

Pre-bake on vacuum hot plate 100C imi« " 
Spin AZ5214EIR @ 35^^ 

| Soft bake on vac ««ni hot plate, 100C, 1 min 



Ohmic Mask Align & Expose 
1 (Contact) 



\3\iiA S^ nUne<1 A1 f0il ° Ver wafer wit « edge exposed 

\W r XP0SC ^ f ° r20sec @ 2 ^W/4cm on 

! I I I KSA aligner using soft contact. 

Develop for 30 sec. In 1:5=AZ351DI 
DInnse 1 min., N, blow dry. 



#1 
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Image Reversal 
Develop 




pfr If* 



JAW:...* 



Power 1 OhmicMask 
Use Soft Contact mode on KSA Aligner #1 
Put dark electrical tape on wafer chuck, nut <i„ nnhi 
sample on top of tape. Orient it so 2» chan^T 
wdl be parallel to straight edge of sample 

Adjust sample so that e-beam gate markers are near 

EZ C e iT* ^V' 3 Pattern retic, « '"^ed 
I Expose 2.9 sec. typ.for clear sample 

Post Expose Bake (PEB): 
On vac hot plate, 100C. 1 m in. 
I Flood Expose: 

[On KSA al.yn^r i min . @ 7nm w/^ „ m 
|AZJ6i : ^0=1:5 for 15 sec. 
1 min. DI rinse, N, blow dry. 
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OHMIC continue 
Inspect " 3 

60 - I- 



0 2 Pfc 



ft 



Optical microscope: 
Inspect for proper pattern expose & develop. 
Rough measure of 2um S-D CD using measure 
reticle. 
Take photos. 
SEM: 

Take photos of patterns and P/R sidewall profiles. 
Accurate measure 2um S-D CD. 



Ohmi< 



\ • 



Pre-M. 



Ohmic 



st samples 



'C. 
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! Lift-Oft 
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15 



16 



Inspect 



Anneal 



I-V Check 
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£ ^ACE soak 15 min. ~— «=— «— 

Ultrasonic ACE 1 min. 
ACE spray 15 sec., clean in ACE 30 sec., IPA 30 
sec., DI 60 sec., N2 bow dry. Examine for P/R 
residues. If needed, use 
Automated lift off bath with PRS-1000 
@ 100C,60min. 

120 min. max. w/ 10 min. additional increments 

Record time 

DI water spray 15 sec. 

DI rinse 2 min. f N 2 blow dry. 



Optical microscope to inspect for P/R residues 

Take photos. 

Comment: 

RTA anneal @ 875C, 30 sec. 



On curve tracer, check I-V for 2um spacing 
^ake photos. * 
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DRAIN CURRENT vs. DRAIN-SOURCE UOLTAGE 



cr 

£ 

+J 
C 
QJ 
L 
L 
3 



a 

L 
Q 




2 3 4 5 6 7.8 9 

Drain - Source Uo I tage (10 



Ugs= -4.80 
IB II 



• Fmin10(dB) 
--♦--Fmin4 (dB) 



— ■— Gain 10 (dB) 
--±--Gain4 (dB) 
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